Fast pressure measurements in the divertor and pump limiter chambers used in magnetic confinement fusion experiments require a system that can respond to a broad range of pressures while maintaining good noise immunity. Available designs of gauge controllers were unable to provide acceptable noise immunity. A fast ionization gauge controller that can respond to pressure changes in the range from 1 x lo-' to 2 x Torr in less than 10 ms using a Schultz-Phelps gauge assembly has been developed. The SchultzPhelps gauge provides full coverage of the desired pressure range and is less susceptible to magnetic field interference than other available types of ionization gauges. The gauge controller as designed provides simultaneous readout of three decades of pressure. Major design concerns have been to minimize noise induced by the gauge tube filament drive and noise pickup by the ionization current electrometer. By using DC filament drive, a major shortcoming of available gauge controllers, i.e., 60-Hz pickup caused by filament modulation of the electron current, has been overcome. Second, by locating the electrometer amplifier as close to the Schultz-Phelps gauge as possible, cableinduced noise pickup has been reduced to an acceptable level. Problems encountered in the design and test of the gauge controller and future improvements are discussed.
INTRODUCTION
Measuring the pressure in the divertors and pump limiters used in magnetic fusion experiments requires an instrument that can measure pressures ranging from lo-' to lo-' Torr while providing a fast response ( < l o ms) and adequate noise immunity. Attempts to use several commercially available ionization gauges proved unsatisfactory owing to problems with filamentinduced and cable-related noise. A new gauge system has been designed that provides pressure readout over any three-decade range from 1 x lo-' Torr to 2 x l o p 5 Torr with a rise time of less than 10 ms. The gauge system is built around a Schultz-Phelps dual-filament ionization gauge tube (Elcon BMV-100). Electrometers for both the filament electron emission and the ion current, along with their associated buffer/amplifiers, are located at the gauge tube base to help alleviate the noise pickup associated with long cable runs. A rackmounted controller that contains the filament control servo and all power supplies can be located up to 15 m (50 ft) from the electronics package that contains the electrometers.
FILAMENT CONTROL
For an ionization gauge, control of the filament heating to maintain a constant emission current is of major importance.
The new gauge controller is designed to use a DC filament supply that has proportional feedback control. The filament is biased at 60 V, which requires that the filament supply be floated with respect to the control electronics. The control signal from the feedback control circuit to the filament supply is optically coupled.
The power balance for the filament [l] may be written as where V is the filament drive voltage, R is the filament resistance, K R is the radiation constant for the filament, K , is the conduction constant for the filament, TF is the filament temperature, Tg is the gas temperature, and p is the pressure. This equation shows that with an increase in pressure, the input power to the filament must be increased to maintain a constant filament temperature T F . Measurements indicate that R changes from 150 mR at room temperature to 250 mR at the normal operating temperature (the temperature that produces an emission current of 100 pA for the given bias conditions). This drop in resistance with temperature tends to increase the input power to the filament, but the effect is small compared to the change in heat conductance with pressure. Since the electron emission from the filament is a strong function of TF and the gauge tube sensitivity is directly related to the emission current, it is apparent that the response of the filament control servo must be faster than the desired gauge system response. when the filament servo is slower than the desired system response is shown in Fig. 1 . If the emission current is known as a function of time, as in Fig. 1 The servo system also incorporates two interlocks to prevent damage to the gauge tube filament. Drive to the filament is removed (1) if no electron emission current is measured within an adjustable time delay window or (2) if the pressure reading exceeds an adjustable limit on the highest pressure output range. Both interlocks help to prevent operation of the filament at high (>lo-'-Torr) pressure.
ION CURRENT AMPLIFIER
To reduce cable-related noise (microphonics, inductive pickup, etc.), the ion current electrometer is located at the gauge tube base. Since it is desirable to monitor a broad pressure range in real time, three amplified, buffered versions of the electrometer signal are provided [2] (see Fig. 2 ).
Fast-recovery clamps limit the output swing of the x10 and xl00 amplifiers to prevent overloadrelated distortion of the output signals. Recovery from overload takes <ZOO ps for the x10 amplifier and < 3 ms for the x l 0 0 amplifier. Rise time for all three outputs is <ZOO ps.
Variation in sensitivity between gauge tubes requires that the pressure outputs be calibrated against a standard pressure gauge. The full-scale output of each pressure range is adjusted to 10 V with separate variable-gain buffers located in the main controller chassis.
SUMMARY
The ionization gauge performed well in laboratory tests. Figure 3 shows the gauge response to a gas pulse produced by a piezoelectric valve. In Fig. 4 , the valve was double pulsed to produce a larger pressure increase. In both cases, the rise time is limited by the system conductance, which is on the order of 6 ms. Comparison Gauge response to a double gas pulse. The pressure increase is -4 x Torr. Top trace: electron emission current (20 pA/division). Bottom trace: pressure readout from Torr output (1 V/division). The piezoelectric valve was driven by two 100-V pulses, one at time 1 = 0 ms and one at t = 12 ms. The delay in the pressure increase is due to a delay in the opening of the valve. 
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with an absolutely calibrated capacitance manometer gauge (MKS Baratron) showed the ionization gauge to be linear within 6% over a decade of range for steadystate pressure measurements. Two final design concerns that have not yet been addressed are related to magnetic field interaction with the gauge tube. First, since DC filament drive is being used, there is a danger of filament breakage due to Lorentz forces [3] . Ideally, a high-frequency (>lo-kHz) AC filament drive could be used to obviate this concern, but scheduling constraints required the use of the simpler DC filament supply. Second, magnetic fields affect the gauge tube sensitivity [2, 3] and can cause inaccurate pressure readings. Use of shielding around the gauge tube many be required in some applications to lessen this effect. The shielding will also help to limit the Lorentz force stress on the filament.
